esp@cenet - Document Bibliography and Abstract 



/ - 2 



1/1 s<—is 



HIGH PURITY ALUMINA CERAMICS AND PRODUCTION THEREOF 

Patent Number: JP6157132 
Publication date: 1994-06-03 



Requested Patent: □ JP6157132 

Application Number JP19920327529 19921113 

Priority Number(s): 

IPC Classification: C04B35/10 

EC Classification: 

Equivalents: JP3093897B2 



PURPOSE:To suppress the amounts of magnesia and to produce extremely high purity alumina 
ceramics by restraining the intrusion of an alikali metal into alumina and other raw materials as much as 
possible in the production of the alumina ceramics. 

CONSTITUTION:^ the production of the alumina ceramics for semiconductor production device, the 
magnesia which is an abnormal particle growth inhibitor for the alumina can be lessened by decreasing 
the contents of the alkali metal, thus the extremely high purity alumina ceramic material is obtained. 
Therefor, the highent-purity alumina is used as a raw material, and pure water is used for the processing 
water, and also an acrylic or maleic acid polymer is used as a molding additive, and by preventing 
contamination caused by the alkali metal in the molding process and the firing process, the high purity 
alumina ceramics in which the alkali oxide is < as 50ppm and the magnesia is < t =100ppm is obtained. 



Inventor(s): 
Applicant(s): 



SHIMAI SHUNZO; others: 05 
TOSHIBA CERAMICS CO LTD 



Abstract 



Data supplied from the esp@cenet database - 12 



http://l2.espacenetcom/espacenet/abstract?CY=ep&LG=en&PNP=JP6157132&P... 2003/05/19 



H 6- 1ST 131 



HIGH-PURITY ALUMINA CERAMICS AND METHOD OF PRODUCING THE 

SAME 

Abstract 

[Purpose] 

To provide high-purity alumina ceramics having extremely 
reduced impurity contents and being capable of being suitably 
used for members for an apparatus of producing semiconductors, 
and the method of producing the same. 

[Constitution] 

High-purity alumina ceramics having a magnesia content 
of 100 ppm or less and an alkali metal oxide content of 50 ppm 
or less. 

[Claims] 

1. High-purity alumina ceramics having a magnesia 
content of 100 ppm or less and an alkali metal oxide content 
of 50 ppm or less. 

2. A method of producing high-purity alumina ceramics, 
wherein , in the production of alumina ceramics , mixing of alkali 
metals is suppressed and controlled in each step of the raw 
material powder preparing step, molding step, firing step and 
working step in such a way that the content of alkali metal oxides 
is 50 ppm or less and the magnesia content is 100 ppm or less, 
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in a fired body. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to high-purity ceramics and 
the method of producing the ceramics, and more specifically to 
high-purity alumina ceramics, particularly suited to members 
for an apparatus of producing semiconductors, prepared by 
suppressing the content of alkali metal oxides, which become 
contamination sources in the semiconductor manufacturing 
process, and the method of producing the alumina ceramics. 

[0002] 

[Prior Art] 

In a variety of ceramic members, alumina ceramics is most 
frequently used, and applications thereof conventionally 
utilize its properties such as mechanical high strength, 
electrical insulation properties , heat resistance, and chemical 
resistance . In particular , the impurities thereof are severely 
controlled in some cases for use. For example, the primary 
feature of alumina ceramics used as a ceramics package 
essentially lies in electrical insulation properties . However , 
alpha fays emitted from radioactive elements such as thorium 
and uranium contained in trace amounts in alumina ceramics 
created problems , and thus the contents of radioactive elements 



have come to be severely controlled . In addition , in transparent 
alumina ceramics used for an emission tube of a high-pressure 
sodium lamp, etc. . transition metallic elements, such as iron, 
contained in ceramics absorb light, and so extreme care has come 
to be taken on impurities , such as transitionmetals , in ceramics . 
However, the above-mentioned examples are exceptional, and 
generally main features required for alumina ceramics are 
centered on heat resistance, mechanical properties , etc . as the 
structure member, and thus it is no exaggeration to say that 
almost no special attention has been paid to the degrees of purity 
thereof. 

[0003] 

On the other hand, in the semiconductor manufacturing 
process of rapid progress , contamination caused by trace amount 
components, etc. causes serious problems. The reason is as 
follows. Conventionally, materials used for ceramic members 
for semiconductor manufacturing devices are primarily quartz 
glass and silicon carbide. Quartz glass and silicon carbide 
are formed from the same elements as silicon material 
constituting a wafer, and therefore, even when the wafer makes 
contact with the members or even when the vapors of components 
are dissipated from the members , the contamination of the silicon 
wafer seems to be not effected. 

[0004] 

[Problems to be solved by the Invention] 
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However, in the semiconductor manufacturing process, 
which has undergone a remarkable development by means of members 
composed of materials having silicon materials such as quartz 
glass and silicon carbide as the primary component, various 
problems also on these silicon-based composition materials have 
recently been created- For example, in a recent semiconductor 
manuf acturingprocess , the amount of fluorine-based gas or plasma 
to be used has been increased in the etching step , CVD film-forming 
step, and ashing step, which removes a resist. In this case, 
silicon and fluorine-based gas contained in materials such as 
quartz glass and silicon carbide constituting the members are 
reacted to yield a silicon/fluorine compound. This 
silicon/fluorine compound exhibits a high vapor pressure, and 
thus dissipates as a gas from the members at normal temperatures . 
Because of this , in the semiconductor manufacturing process that 
uses the above-mentioned fluorine-based gas , the problem of the 
members formed by quartz glass, silicon carbide, etc. being 
severely corroded comes up . In other words , in the semiconductor 
manufacturing process , necessity to use as the members inorganic 
materials other than silicon-basedmaterials such as quartz glass 
and silicon carbide is forced, and presently searches for other 
alternative materials and improvement, refinement, or high 
purification of these materials are strongly demanded. 
[0005] 

Under the circumstance as described above, there have been 
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studied a variety of materials that do not contaminate 
high-purity silicon, but have corrosion resistance to 
fluorine-based gases . Of these , alumina ceramics has been found 
to exhibit considerable corrosion resistance to fluorine-based 
gases. Alumina reacts with a fluorine-based gas to generate 
a stable aluminum fluoride (A1F 3 ) . It has been found out that 
the compound A1F 3 has a low vapor pressure at 700°C or less, 
and has the function of protecting as a layer the alumina surface 
exposed to a fluorine-based gas, i.e., it prevents corrosion 
of alumina. On the other hand, alumina ceramics was not grasped 
in terms of high purity in the semiconductor level. Thus, when 
it is employed as a member for semiconductor manufacturing 
devices, the necessary and sufficient conditions as a material 
that does not contaminate silicon wafers have not been 
established yet. The present invention is, considering the 
above-mentioned circumstance , directed to the provision of 
high-purity alumina ceramics which has conventional properties 
such as mechanical strength and heat resistance as well and which 
has extremely reduced impurity contents so that the alumina 
ceramics neither emits contaminants when used as a semiconductor 
manufacturing device member nor forms a contamination source, 
and of the manufacturing method thereof. 
[0006] 

[Means for solving the Problems] 

The present invention provides high-purity alumina 



ceramics having a magnesia content of 100 ppm or less and an 
alkali metal oxide content of 50 ppm or less. 
[0007] 

Furthermore, the present invention provides a method of 
producing high-purity alumina ceramics, wherein, in the 
production of alumina ceramics, mixing of alkali metals is 
suppressed and controlled in each step of the raw material powder 
preparing step, molding step, firing step and working step in 
such a way that the alkali metal oxide content is 50 ppm or less 
and the magnesia content is 100 ppm or less, in a fired body. 

[0008] 

[Effect] 

The present invention is constituted as discussed above, 
and in particular, rendering the amount of alkali metal oxides 
in alumina ceramics to be 50 ppm or less allows the magnesia 
content to be 100 ppm or less, the magnesia being generally and 
conventionally added in an amount ranging from several hundreds 
of ppm to several thousands of ppm in order to suppress abnormal 
particle growth, and also addition of even a small of magnesia 
enables the restraint of the abnormal particle growth. 
Therefore , high-purity alumina ceramics of the present invention 
only contains trace amounts of alkali metal oxides such as sodium 
and potassium and magnesia, which are possible contaminants in 
the semiconductor manufacturing process, and is suitable as an 
member material for the semiconductor manufacturing process. 
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On the other hand, the abnormal particle growth of alumina is 
thought to be associated with silica. There are, for example, 
a hypothesis of alumina forming solid solution near the grain 
boundary to provide a concentration gradient, and the movement 
of the grain boundary being difficult while maintaining the 
concentration gradient, a hypothesis of attributing the growth 
to the interaction between alumina and silica, etc. However, 
at present, the capability of magnesia suppressing particle 
growth is not elucidated yet. However, in either case, it is 
closely related to impurities contained in a ceramic rawmaterial 
powder and/or impurities introduced from the environments such 
as the firing step, and the like. The present invention 
particularly has confirmed the relation to alkali metallic 
elements. 

[0009] 

The present invention will be discussed in more detail 
hereinafter. The manufacturing process of alumina ceramics 
primarily comprises each step of rawmaterial powder preparation , 
molding, formed body working, firing and fired body working. 
Alumina ceramics is formed by sintering a ceramic raw material 
powder to allow the particle growth and densif ication to proceed 
in the above-mentioned firing step. In this case, sintering 
without addition of magnesia makes the particle growth advance 
over the densif ication , thus resulting in remaining of many pores 
in the alumina ceramics obtained. In addition, the particle 



diameter becomes too large leading to a decrease in mechanical 
strength, and moreover disadvantages such as natural occurrence 
of cracks in the grain boundary may be generated due to anisotropy 
of the thermal expansion coefficient of alumina crystal particles . 
Therefore, conventionally in firing of alumina ceramics, 
magnesia is previously added as an abnormal particle growth 
suppressing agent for sintering. 
[0010] 

The present inventors have been engaged in research and 
development on process of manufacturing transparent alumina 
ceramics for many years and have obtained many findings on the 
behavior of magnesia during firing of alumina ceramics and the 
abnormal particle growth of ceramics. In other words, the 
present inventors found out that the presence of an alkali 
metallic element during sintering significantly facilitates the 
abnormal particle growth. On the basis of the finding, they 
realized in the present invention the reduction of the amount 
of magnesia to be added, which is an abnormal particle growth 
suppressing agent of alumina , to some tenths to a tenth as compared 
with the conventional amount, and successfully removed the 
conventional limitation of the high purification of alumina 
ceramics. 

[0011] 

Alkali metallic element sources present in an alumina 
ceramic sintered body are contained in impurities that are 
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contained in member materials, etc. in contact with a variety 
of additives such as a raw material powder, raw material powder 
treating water and molded binder and a formed body, and further 
are contained in the fired environment that is discharged from 
the above-mentioned impurities, firing device, or the like. 
Thus, the present invention limits the alkali metal impurities 
in each of the above-mentioned alkali metallic element 
discharging sources, especially controls the alkali metallic 
element component concentrations during firing of a formed body, 
and renders the amount of sintered body and thus alkali metal 
oxides in alumina ceramics to be 50 ppm or less. Making more 
than 50 ppm the amount of alkali metal oxides in alumina ceramics 
requires the increase of the amount of magnesia to be added as 
in the conventional alumina ceramics, and thus the case is not 
preferable. 

[0012] 

Detailed studies of mixing sources of alkali metal 
components in each of the above-mentioned step result in the 
following. 

(1) Raw material powder 

The amount of alkali metal components contained in an ultra 
high-purity alumina raw material powder industrially available 
at present is in a level of several ppm to several tens of ppm. 

(2) Raw material powder treating water 

Water for use in treatment of the above-mentioned raw 



material powder contains impurities on the order of ppm or less 
when water treated with an ion exchange resin and an RO membrane , 
i.e., purified water, is employed. 
[0013] 

(3) Molding additive 

When a ceramic raw material powder is formed, an organic 
binder is added in order to impart strength to a formed body. 
Impurity levels in these binders are significantly different, 
and conventionally frequently used polyvinyl alcohol (PVA) and 
methylcellulose contain metal impurities in quantity, which are 
as much as several thousands of ppm. The addition ratio of such 
a binder is from 1 to 2% by weight of the raw material powder, 
and thus the addition may render alkali metals to be incorporated 
at several tens of ppm. On the other hand, when an acrylic polymer 
or maleic acid polymer is used as a binder, a high-purity binder 
having contained therein alkali metal impurities of several ppm 
or less can be selected as well. 

(4) Molding step 

When a ceramic raw material powder is pressure formed, 
granulation is generally conducted in order to ensure the flow 
of the powder . Hence , the forming step of a ceramic raw material 
powder starts with the granulating step. Thus, it is also 
necessary not to bring the die, working jigs, etc. into contact 
with a semi-finished product to prevent impurities to be 
introduced from the contacted members to the sintered body. 
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[0014] 

(5) Firing step 

Next, mixingof alkalimetal impurities in alumina ceramics 
is ascribable to the contamination from the firing step, A 
ceramic formed body is normally fired by being allowed to stand 
in a furnace. In this case, impurities floating in the furnace 
atmosphere may create a problem. The firing furnace comprises 
a heating section and casing as well as insulating material, 
etc. and each composition member is exposed to high temperature, 
and thus part of it is evaporated to pollute the inside atmosphere 
of the furnace. Insulating material is made porous in order 
to reduce the thermal conductivity, and its surface area per 
unit volume is large and thus the surface for evaporation is 
large. Therefore, in particular, the purity of the insulating 
material and the evaporation properties pose problems and so 
they must be severely controlled . For the firing of high-purity 
alumina ceramics used as a member of a semiconductor 
manufacturing device, use of high-purity alumina insulating 
material as a furnace material is desirable, and specially the 
reduction of discharge of alkali metal compounds from the 
insulating material is desirable. The heating sections of the 
furnace are roughly classified into the electrical heater and 
the gas burner, which individually have different issues on 
purity. For example, contamination in an electric furnace is 
attributable to pollution by evaporation of heater material and 
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contamination in a gas furnace is attributable to that caused 
by particulates that are mixed in the gas or air and blown 
thereinto. 

[0015] 

The present invention, as described above, imposes 
limitations on the impurity mixing passages of each step and 
can significantly reduce to 100 ppm or less the amount of magnesia 
to be added, which is conventionally normally taken as several 
hundreds of ppm to several thousands of ppm, by checking the 
contents of alkali metallic elements in alumina ceramics, as 
well as being capable of obtaining high-temperature fired, good 
ceramics . 

[0016] 

[Examples] 

The present invention will be described in detail 
hereinafter in terms of examples; however, the invention is by 
no means limited to the examples below. 

Examples 1 and 2, and Comparative Examples 1 to 7 
To 100 parts by weight of an alumina raw material powder 
having a total content of impurities of 40 ppm, including 5 ppm 
sodium oxide (Na 2 0) and 2 ppm potassium oxide (K 2 0) , a 
water-soluble magnesium salt and alkali metal salts are each 
added in amounts as indicated in Table 1. To each of the 
above-mentioned raw material mixed powder formulations , 2 parts 
by weight of an acrylic resin as a binder was added and further 



100 parts by weight of purified water was added, to obtain a 
slurry, which was granulated using a spray dryer. Each 
granulated powder was pressure formed into a plate having a 50 
mm square and a 2 mm thickness by means of a hydrostatic forming 
machine at a pressure of one ton/cm 2 . 
[0017] 

Each of the formed bodies thus obtained was placed in a 
furnace core tube of silicon carbide and calcined at 1000°C while 
blowing high-purity oxygen thereinto. In addition, the 
calcined formed body was put in a high-purity alumina vessel 
of a capacity, and a lid of the same material was placed thereon, 
and then was fired at 1800°C for two hours under a high-purity 
hydrogen atmosphere to obtain each of sintered bodies of alumina 
ceramics . The appearance of each of the sintered bodies obtained 
was observed and the specific gravity was determined by the 
Archimedes method. The results are given in Table 1. 
Thereafter, a sample was cut out of each of the sintered bodies 
by means of a diamond cutter, and the sample surface was made 
a mirror face by grinding with a diamond powder, and then the 
sample was subjected to heating at 1480°C for one hour in air 
followed by heat etching of the grain boundary. The sample 
surface was subjected to microscope photography with a 
magnification of 100 times to calculate the average crystal 
particle diameter by the planimetric method. The results are 
shown in Table 1. 
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[0019] 

The results of the above-mentioned Examples and 
Comparative Examples show that abnormal particle growth readily 
occurs when the total amount of alkali metal oxides exceeds 50 
ppm. In addition, when the total amount of alkali metal oxides 
exceeds 50 ppm and also the amount of magnesia is 100 ppm or 
less, the specific gravity of the sintered body is decreased 
due to the remaining of pores in the body. On the other hand, 
the table indicates that when the total amount of alkali metal 
oxides is 50 ppm or less, the sintered body is densified to the 
true specific gravity even if the content of magnesia is 100 
ppm or less. 

[0020] 

Example 3 and Comparative Example 8 

Each alumina ceramics obtained in the above-mentioned 
Examples and Comparative Examples was heated along with a silicon 
wafer to transfer impurities in the alumina into the silicon 
wafer. Thereafter, the silicon wafer was analyzed to observe 
the increase of impurities and the effect of the impurities on 
the silicon wafer of each alumina ceramics were inspected. 
Namely, into a quartz crucible purged with hydrogen chloride 
gas at 1000°C for two hours was placed each alumina ceramics 
and a silicon wafer was put on the crucible. The sample was 
heat treated at 1000°C for two hours and cooled. The heat-treated 
silicon water was analyzed for the impurity contents of alkalis 
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(Na and K) and an alkaline earth metal (Mg) . The results are 
indicated in Table 2. In addition, the impurity contents (x 
10 10 atom number/cm 2 ) of silicon wafer prior to heat treatment 
were 2 for Na, 1 for K and 1 for Mg. These results show that 
alumina ceramics obtained as a good sintered body in Comparative 
Example 2, 5 or 6 is high in contamination of the silicon wafer 
and thus the use range is limited. 
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[0022] 

Example 4 and Comparative Example 9 

An alumina ceramic tube with an outside diameter of 38 
ituruj), an inside diameter of 35 mm(|) and a length of 200 mm was 
formed using each granulated powder produced in Examples 1 and 
2 and Comparative Examples 1 to 7 using as dies a metal rod of 
a 42 mm outside diameter and a rubber cylinder of an 55 mm inside 
diameter via a hydrostatic forming machine at a pressure of one 
ton/cm 2 , and then the perimeter of the formed body made to be 
4 6 mm using a lathe . It was calcined and fired under a hydrogen 
atmosphere as in Example 1 . Each of the alumina ceramic tube 
obtained was irradiated with a microwave of 2.45 GHz and 600 
watt by means of a waveguide and simultaneously CF 4 and 0 2 gases 
at one torr were flowed into each tube. In this manner, it was 
irradiated for 100 hours and the microwave was stopped and then 
measured using the outer surface temperature of the tube. In 
addition, the alumina ceramic tube was cut with a diamond cutter 
to observe the corrosion wear of the ceramic surface . The results 
are given in Table 3. 
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[0024] 

The above-mentioned results show that the . absorptivity 
of the microwave varies depending on the contents of the alkali 
metal oxides , which change the temperature rises of the alumina 
ceramics. Also, the results show that the reaction rates of 
the fluorine plasm generated within the alumina ceramic tube 
and the alumina ceramics constituting the tube depend on the 
outer surface temperature of the ceramic tube and therefore the 
corrosion rate of the alumina ceramic tube, which contains the 
alkali metal oxides in quantity and has a high outer surface 
temperature of the tube, is large. 

[0025] 

[Advantageous effect of the Invention] 

High-purity alumina ceramics of the present invention has 
therein specified contents or less and thus trace amounts of 
alkali metal components and magnesia, and therefore has an 
unlikely possibility of contaminating a silicon semiconductor 
as member material for semiconductor production, being 
particularly effective in a portion that makes contact with a 
fluorine-based gas and being industrially useful . In addition , 
the method of the. present invention limitedly and particularly 
controls the total amount of alkali metals contained in a fired 
formed body and present in the atmosphere during sintering to 
be capable of reducing the amount of magnesia, an abnormal 
particle growth suppressing agent, to be added, leading to the 
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production of alumina ceramics having a purity significantly 
greater than that of the conventional ceramics with easy and 
simple operations. 
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{ts^a*mw*4m©M«*t*4*ffl^ -specie 
ft. m©f^«*4©«§n. -efti=.i#f4©%#?Jt 
ft. iaiiHfigih©sMAi?Si<ftor^-5. 
[0005] ±iBL/ct«aT. -mmzxis ^>%m&i 

^AiKSWc. 7Jl/5ti7-;Sf,^it3:, JSt&CCj: 
DSSft^ -^^tr^5-0A (A 1 F, ) ££*X-f£. 
ft^A 1 F 1 «. 7 0 0°CtiT-C{i^ME*i{S<. 7 

•^^©ig^it-^m^-cjg^en-ci^ft^ofc. -e 

^ft<^iS4?f^-r'2>C<!:©ft^J:^{C. ^iW^W 
[0 00 6] 

[ISSI?:»?^-rsfcat)©#S:] *^tcj:*atf. -?d/* 
•>T^S^ 1 0 0 p p mfetT-C. 7>\>*> 'J^Ji 

ttft«)dW««5 0 P pmfe[T-C*-5Ci«r#®<i:-rS 

[0 0 0 7 ] M*c*/c> r^s^-^r 5 v **©Mji<c 

*$^r. >mmtw>T>\<t> 'j&mmitytsmM&s o p 

p mt(T, S.-^. vd/^^T^Wfi^ 1 0 0 p p mfeiT 

st>'Jraxxn©§xg-cT;i'* , ;^Ji©iiA ; &WJ. »J 

[0008] 



C3) 

3 

irtm] *#wt*±e©j:9{c«j5Rsti. ^tc, r^s 

tt7S >^*©7W y£MKfk%$5 0 p pint* 

i o o^siooop pmoasAn* 1 — MWtitx/cv^ 

^.^TC^Wfi* 1 0 0 p p C i^pjfil.!: 

«-5<!:|b]b$(c. v ^ * r syras^sr & s^^es 

ytftfH^LT^S £©#*.#*£#. 
3fitC@?gU-agg£JIE*-^A t ^-©?gg£ji5£«}#L;fc 

©B8<fc£fii!2l,/cfc©-C&5,, 20 
C 0 0 0 9 ] fcTF. *»H*J5K:»«KSHBr *. 

tfr?©JIMB»*©*#tt*» 6 . ttlSifc *7?^g^ 
i^fc. ■€•©*:«>. »^7;Rt*7 5 !.W©M 

[0010] 2£BJ#*>fct. *#tc:bttsa%ttr*3 ** 
«5 » **©«iM^WSEB«K:tt*>»). t;us± 

S ? £*©j&EXtt>©vy*i/T©^i&<J:-te5 5 f * 

^©Wittfrffi&ftKiMU 3K©*nJl*»fc. IPfe, R 
■€-©*DjtK:S-3S. *^?HCC*Jt>-CB. 7*5tt7S 

[0011] 7A3t*5 S v 9 xm&&*PK.&&* h 



IflWe-l 57 132 
4 

r. **?8«:*Ji»Ttt. Jbe©*7A#y£H5aRtttti 

*3f*. IPfc. 7/1*5**9 5 v 5»*«*J©7/l-*y£IIBt 
{b»**5 0ppm«T«:tt4J:9K:T4. r/US*-fe5 

5 ? ^x4i©r a* y^js^ft«i*t5 o p p mfcia*.* 

[0012] ±sa&xs-c©7/i'# y£issj£#©igAili 
Sg£»L < wt-r* tTE©a»).-C**. 

( 1 ) m*4t&5t; 

ajKSElSM&KA^'C* 4*»»©iW*fltr Jl" 5 *JH*4t» 
{c^*tiSTJl'*y^JB^S«» S»P pm*6»l 0 
p p m<DW<)V "C*2>. 

(2) JKttS&Uea* 

IS^Attp pmt-f-aTT*i. 

[0013] ( 3 ) fmmwm 

3*VCl»*Ji*y (PVA) ?/Hr 

;ua-^{c«T;w*y^Jl^$6^36 1 ^< . £fc 1 0 0 0 p 
pmtgShtl^. C©J:5«C^-f >y-©a*Jnj* 
«. Jl*4«&*©l~2Sfi%-C*Sit* > -e©SSJD-CT 
A^y^JljWRl Op pm^AS4T.^*J-€-n*i*€>. — 

©fc ©?:SiRT-5 C t 5 . 
(4) JSflSXg 

5 f *Msfti&*©j3yi5x*i-ctt. isiftxe^^te* o . 

ti 6 «MStM> t) Stttflc^Wtt^A JWft »- » J: 5 let * 
[0014] ( 5 ) &fiXX?l 

saw. «ystns*>€)©«»rr*s. 5S5?^{*©«^S«. 

ot*J0. ^{i»a^fc»3©^MS*5A#<. BP^. 3K 



(4) 

5 

itG ! ®<Dflsim : $:'j>rj:<-r ; bc tarns lik tp<Dtm& 

MASK. ««b-jr-t^-»<-^-(C^JJJt? 

[0015] *^(c*j^r«, iiEo^^tc-^n-en 

mCiKif). 8£3fe. ttl 0 0H8U 0 0 0 P PI 

*««wja*isti"ci>fc^y*?/Toasiin««. io 

0 p p mKTill < 5 C tifin* S±, MM* 
C 0 0 1 6 j 

WETS. <fiU **9BBT!aaii««:J:»)MIRS*i& 20 

fUfeW 1 ~ 2 K^ltKM 1 ~ 7 
BMb^f-'Jf A (Na, O) 5ppra, mttoVVJ* 
(K, O) 2p pmr*or**fi«&£WS4 0 ppm 



wsaVe— 1 57132 

6 

A*&fcJ:Cmi'#y£Jsi*S*ii 1 «C^l/fc^WfitC*S 
«fc 5 tc&E&tSHn L fc. ±1BftE&AWNR-&f9ttCCftJ' 

i/ . * > i uxr f 2 ssatisan 

U MCC#G*% 1 0 OSfigPJDA^-7 y-tttCLfcfe® 

fiWB«=&JHl.\ 1 h>/cm' (DEJD-Cb OmmftCI 

[00173 »64lfc#flJae«EtR(fc3»W©«P»««c 
An. 1 0 0 0 TTC«tram*ifc*i^&tf&<Sftl' 

S^fflSv't'. 1 8 0 0'C-c2^ra«^fiRL/-cr;ws^-427 

«iix 9 ? > f l . *<Dmmmv> 1 o o moBGUK* 

(00183 

c*n ■ 



(5) 



*3fKl¥6- 157132 
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(ppm) 


MgO 
(ppm) 




(/i m) 


^ m 


Na 2 0 


K 2 0 


US. 


m 


i 


30 


15 


45 




^ QQ 


ou 


S iff 


2 


10 


5 


15 


ou 




97 


J3C XT 


jt 
t* 
m 


1 


40 


20 


60 


ou 


q no 

o.y o 


^9 


Pi op fv. jttc fl& $1L~HMX. 


2 


40 


15 


55 








■PC >J 


3 


40 


15 


55 


lUU 


3 QR 




nD ^ no J JivPC 


4 


40 


15 


55 


80 


3.97 


70 




5 


100 


20 


120 


500 


3.98 


21 


m. n 


6 


100 


20 


120 


200 


3.98 


34 




7 


100 


20 


120 


100 


3.97 


65 





[0019] ±^*«iatfl:b«8«©ft**?>9B6*tt 
± 5 &C, TJl>t> y£JKM<b%©*Htt*5 0 p p mZMZ. 40 

fc, y£««ibtt©*8»**5 0 p p m*jH*. M 

7^^7®1*J 1 0 0 p pmfi(K*5t, 

Hft4MUttf5 0 p pmOT&6»7n^l 00p 

[0 0 20] ^j5SW3SO # J:b$5W8 



broads u wyiaitfci/'^^ix^ 
r^*y (NaMK) a^r;^ y ±S£ 

P (Mg) <OTF««J*W**lftaLrte. "*©«**«2 

tc^o/c- &te, flnaafflffl-rafro^yn^'S*^©^ 

»Ml(xi0 10 SWcm' )tt,Na» KR 
*6, tfc«fiWI2. 5aW6r»6#i-fc«6B#<!:brA 



(6) 



tftCT*5*-fe-9'5 i/'Ja^'JaAKJpfrS * [002 1 ] 
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■ 


m 


mmm3 


it 155 01 8 




mm 


jt « *j 


i 


2 


i 


2 


3 


4 


5 


6 


7 


ffl. M. 
( x 10 10 ^^/cm 2 ) 


Na 


19 


8 


25 


28 


24 


26 


74 


68 


78 


K 


8 


5 


18 


7 


9 


10 


15 


17 


20 


Mg 


25 


23 


24 


85 


80 


40 


354 


156 


87 



[0022] mrnmiRvtrnma 
mmw i ~ 2 -&mt%m 1 - 7 rtt&Lfc&;&*at3£fli 

<<>"C» Jf&38mm<*>, ^13 5mm4i, S32 00m 
ft:. tf^n/t-ST^S^-fe^S y t?X<glc2. 45GH 



z. 6 o o y? b(D-7ji?vm%mwg$:m^xmi 

30 ^<&8SL/fc„ UacDJr^CCfC 1 0 OSfRBM&f Lft:f£ 

ft:. 2ft;. ?#6ttft:T;l<S^-tz-7 5 vi'X'g'&^i** 

£SI£?l,ft:. -e-Ofeil^a3fC^L.ft: 0 
[0023] 
[313] 



(7) 



11 
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m fa m 

4 


Jfc tt « 9 




i i « 


Jt IS! fll 


i 


2 


1 


2 


3 


4 


5 


6 


7 




320 


270 


450 


420 


410 


430 


550 


560 


540 




15 


8 


85 


66 


52 


54 


456 


745 


436 



[0024] ±iE©*SS*»e>5l| *> K.T)Vt> V & 

3. 

[0025] 



(72)^# MB HfH] 

^mm^rfj/NSBa^pais73- 8 jks 

(72)B^# £0 ?n 

^M!S*^^NSE^P3l573- 8 Jfc£ 



